able advances have already been made; in two recent cases drugs were found in the pilots' tissues and in each case their presence had to be considered a contributory factor to the accident. In oneperhaps the more important of the twothe pilot had had a cold and was given Triominic, a triple antihistamine, on the morning of the day he died. He was killed when his aircraft dived out of low cloud and, despite an apparent attempt at recovery, crashed into rising ground. This pilot had reported a few minutes beforehand flying in broken cloud at 2,000 ft (600 m) -a situation in which pilot disorientation can occur. On this occasion not only was the pilot suffering from a cold, which can produce some disturbance of middle ear function, but he had also been given a drug, whose effect could have increased his susceptibility to disorientation. The demonstration of the three antihistamines in a sample of kidney, taken at autopsy, proved that the pilot had commenced treatment with Triominic.
Sabotage
There have been nearly 20 reported cases of sabotage to aircraft of the world's airlines since World War II. Most of these have involved bombs, but other forms of sabotage have occurred: one involved a mentally deranged gunman appearing on the flight deck and shooting the crew. X-rays of at least the operative crewideally of all occupantsare important if evidence of sabotage is not to be missed. There was a particular alert for evidence of sabotage during investigation of the Transair DC 6B which crashed near Ndola in 1961, killing Mr Dag Hammarsjkold, Secretary-General of the United Nations Organization. The bodies of all occupants were X-rayed and some showed bullets (Stevens 1968a) . However, they also showed percussion caps and fragmented cartridge cases, which could only have resulted from ammunition exploding in the post-crash fire, and not from bullets fired down the breach of a firearm. Recovered bullets were examined for rifling marks and none was found. The bodies concerned were all badly incinerated but, when identified, proved to be those of soldiers in whose possession there would have been magazines of ammunition. Again, this was an instance showing that the search for evidence of the cause of an accident must be diligent, and that any evidence found must be very carefully evaluated.
Conclusion
Experience gained from a large number of aircraft accident investigations has shown that, if the medical and pathological contribution is to be sound, detailed autopsies, followed by comprehensive histology, toxicology and, when appropri-ate, radiology, are essential. The findings, however, must be viewed very critically in the light of all the evidence, the circumstantial and engineering evidence, and indeed the whole accident history.
Group Captain J K Mason (RAFInstitute ofPathology and Tropical Medicine, Halton, Buckinghamshire)
Reconstruction of a Fatal Aircraft Accident from the Medical Findings
It could be argued that the reconstruction of an aircraft accident is essentially a matter for the engineering investigators. But modem concepts of accident investigation, including, as they do, varied approaches through the engineering, flight safety and medical branches, involve the application of a number of disciplines, working on different lines; ultimately these arrive at the same end-point where the evidence collected by each investigator can be gathered into a coherent interpretation.
Working essentially from the human wreckage of an accident, the pathologist's approach to accident reconstruction seems to be along four main channels, none of which is entirely selfcontained but which can be summarized as follows (Mason 1968a ):
(1) Identification of the cause of the accident: The pathologist may be in a position to identify toxicological, physiological, physical and, occasionally, nonmedical causes of the accident. Although inseparable from the problem of accident reconstruction, cause identification will not be considered further in this paper.
(2) Estimation of the sequence of the accident: The identification of various stages of injury is of particular importance in the investigation of fatal inflight escape attempts.
(3) Estimation ofthe degree ofemergency. (4) Estimation of the survivability of an accident: This aspect of accident reconstruction is particularly important in the commercial passenger aircraft accident as it has a major bearing on safety modifications.
The Sequence ofthe Accident In my opinion, the distinction between antemortem and post-mortem fractures in relation to an aircraft accident, in which the time scale is generally extremely small, is not as easy as would be anticipated. Occasionally, one can find very obvious differences within the same body but, more often, the fractures can only be regarded as equivocal with respect to the time of origin. Moreover, the appearance of haemorrhage is liable to post-mortem heat artifact. In addition, whenever haemorrhage is used as an indicator of the time of death, death is, in effect, being defined as cessation of the circulation, and this is often not reasonable. For example, a man may have his brain severed and be quite clearly dead but his circulation may persist; any interpretations based on the degree of himorrhage are likely to be misleading. Identification of the sequence of the accident in the normal run of impact accidents is, therefore, generally unprofitable unless there is survival for a finite time; this is very uncommon in military aviation but does occur in commercial aviation.
When considering escape cases, however, the situation is very different. There are multiple opportunities for injury and these are usually separated by a reasonable time interval. The opportunities for injury in escape by ejection are briefly recapitulated in Table 1 . Our experience concerning the basic causes of fatal ejection from aircraft (Table 2) shows that most deaths are associated with circumstances after separation from the aircraft. There is, however, a proportion of cases in which the fatality has been ascribed to impact with the aircraft canopy. These are important cases to differentiate as they basically indicate a failure of aircraft design rather than of seat design. Typical appearances are shown in Fig 1. The interpretation in this case was confirmed by the relative bloodlessness of any fractures other than those of the skull. But in no other type of aircraft accident does the correlation between injury and the appearances in the equipment matter so much. In this case, a strong indication of a serious malfunction very early in the sequence was given by the examination of the seat. Fig 1 shows that the controller drogue piston had in actual fact fired through the firing blind; these appearances are compatible with the escaper being incapacitated within the first moments of the ejection sequence.
A further example of the importance of the correlation of post-mortem findings with those in the equipment is given by a man who escaped by ejection, landed in the sea but was found to be dead when fairly quickly picked up. There was no evidence of drowning and death was attributed to fracture of the cervical spine. Various theories were put forward to explain this but it was not until the protective helmet was minutely examined that fragments of yellow fibre were found within the fractures of the outer layer. These could only have come from the firing blind which must have been compressed between the aircraft canopy and the protective helmet at the time of aircraft clearance.
A most important aspect of accident reconstruction following the use of an ejection seat is to distinguish between deliberate and inadvertent ejection. In our experience, arm flailing injuries in a normal ejection are extremely rare and the . / ..
Fig 1
A very severe head injury associated with penetration ofthe cockpit canopy is shown on the left; the firing blind from the same case is seen on the right. The drogue system has fired through the blind indicating early release of the blind and corroborating severe injury at the time of ejection presence of such injuries is a strong indication that the escape was inadvertent. At the same time, one would anticipate that inadvertent ejection, involving, as it must, ejection in a poor position, would be almost invariably associated with fracture of the thoracic or lumbar spine. An analysis of our small series of spontaneous ejections in flight (Table 3) shows no obviously consistent pattern of fracture of the spine. But when the cases are examined more closely, it appears that those showing fracture are generally associated with a full charge being applied to the seat; those with no fracture have been associated with seat movement, in which circumstances one would anticipate that the charge on the seat would be relatively inefficient. This interpretation has been supported in some cases by evidence of aircraft foulinga cause of injury which is extremely uncommon in ejection deaths of any other type. Examples of the reconstruction of fatal ejection attempts could be multiplied if space were available but the foregoing cases illustrate two important points: One, already mentioned, is the importance of co-operation between the pathologist, flight safety worker and engineer (Mason 1965) ; secondly, there is the need to emphasize that minor variations in an accident circumstance can have very marked influences on the ultimate gross pathology. The investigator must be extremely wary of applying the results of previous experience unless he is convinced of the precise similarity of conditions. The application of previous experience, however, plays a great part in accident reconstruction. (Table 4) . Within this group, we have found that aircraft fouling generally leads to severe injury to the upper torso. The case illustrated in Fig 2 involved a pilot who descended on a welldeveloped parachute but who was found to be dead on the ground. It was submitted to our department as a case of aircraft fouling but the appearances were different from those normally expected and, assuming an aircraft strike, one would have expected fracture of the bones rather than dislocation. After much experimentation in company with Irving Air Chutes Ltd the reconstruction shown in Fig 2 was evolved, thus turning the accident into premature parachute deployment of an unusual type.
Survivability ofan Aircraft Accident
The estimate of survivability of an aircraft accident is of extreme importance as it is intimately bound up with the safety factors embodied in an aircraft, with the provision of an adequate escape exit and with an analysis of the efficiency of rescue services.
There are various stages in the analysis of such It is seldom possible to obtain a more complete picture when the majority ofpassengers have been killed with a seating plan, which will be of varying accuracy and completeness.
(3) To identify the cause of death in each case. (4) To assess the length of the agonal period in each case. (5) To correlate all those findings with the provision of safety equipment, emergency exits and the like.
Identification: The problems of identification have been fully described from our Institute , Stevens 1965 . It is emphasized that the most useful forms of identification cannot be defined except in the context of a particular accident. If fire is not a problem and if the accident has occurred near the victims' homes, quite clearly visual identification will assume a considerable importance; if the complement of the aircraft consists mainly of women, documentary identification will be of negligible use; if there has been gross incineration by fire, dental identification will be the method of choice. These differences are illustrated in Fig 3 which compares three recent accidents investigated.
Seating plan: The usefulness of this is often disappointing as very few domestic airlines maintain a seating plan of passengers. The investigator is, therefore, dependent very largely on the ability of survivors to remember the position of their neighbours and, not only do they seldom know the names of the other passengers, but also they are very likely to be suffering from some degree of amnesia as a result of the accident.
Cause of death: The mere demonstration of a cause of death other than direct injury is enough to show that an accident had some potential for survival. One can go further than this: a cause of death such as burning indicates a failure to escape from the aircraft while a cause of death such as asphyxia not due to burning indicates not only a failure to escape but also a failure of rescue services in circumstances which were amenable to rescue. This is probably the main reason justifying a full autopsy on all cases in a major disaster, not merely on the crew. Without an internal autopsy it is, for example, quite impossible to distinguish death due to burning from death due to multiple injuries with post-mortem incineration.
Agonal period: While it is extremely difficult to compare accurately the times taken to die by various victims of the same accident, it is certainly possible to state in most cases whether or not there was a finite survival time. The identification of an unusual cause of death is one obvious method. In addition one can use, in the presence of fire, the finding of raised carboxyhemoglobin levels (Domanski et al. 1963) ; in the presence of fracture one can utilize pulmonary embolic phenomena (Mason 1968b) and, in general, these two parameters tend to correlate well. Even so, anomalous results occur and one of the lessons we have learnt in attempting accident reconstruction is that it is the anomalous case which requires special interpretation and which may, in fact, give the clue to the whole incident.
Correlation of findings: As an illustration, these principles are applied to a recent accident (Fig 4) . It has been possible to place about half the occupants of the aircraft in their seats. It can be seen that the mass of survivors is concentrated in an unusual area in the forward part of the passenger compartment on the starboard side; and those passengers who died from causes other than burning are largely concentrated forward on the port side. It is therefore logical to conclude that shown in bending of the bar associated with back-rest positioning in many of the seats examined these latter were thrown through a break in the aircraft fuselage and that the survivors either climbed through or were rescued through this same defect; going one stage further, it is apparent that survival was fortuitous and independent of escape facilities provided. The conditions at the rear of the aircraft are, however, quite different. The vast majority of passengers have died from burning indicating a finite survival time and this opinion was reinforced by the relative absence of severe internal injury in these passengers. It follows that we must provide some reason to explain the failure of these passengers to escape through the escape hatches provided. The full post-mortem examination indicated that in this particular accident the major causative injury was not to the head but rather to the legs (Fig 5) , the majority of passengers having the lower legs trapped by the seats which failed under a mainly vertical load.
Conclusion
It is emphasized that, while accident reconstruction is one of the most important functions of the aviation pathologist, this function cannot be discharged by the pathologist working as an inde-pendent unit in the post-mortem room. An adequate reconstruction can only be achieved as a result of thorough co-operation between numerous bodies. In particular, mention should be made of the police, the coroner, the engineers, the flight safety workers, the medical attendants of the dead people, physiologists, pathologists and other medical colleagues, the research laboratory and departmental records and finally co-operation with similar organizations on an international basis. One only wishes that a similar co-operative organization could be applied to other forms of accidental death.
